Background {#S0001}
==========

The rising trends in obesity, as a public health concern have increased in childhood and adolescent.[@CIT0001] Obesity can induce insulin resistance by increase circulation free fatty acids, which prevent glucose transport activity and reducing glucose uptake in the muscles.[@CIT0002] The studies reported the relationship between obesity with components of metabolic syndrome (abdominal obesity, low HDL-C, high triglycerides, hyperglycemia and hypertension).[@CIT0003],[@CIT0004] In obese individuals, the extra fat tissue causes low-grade chronic inflammation.[@CIT0005] The adipocytes produce adipocytokines such as TNFα and IL-6.[@CIT0006] During low-grade systemic inflammation, the insulin-dependent tissues are exposed to infiltration of inflammatory macrophages which effect on tissues performance in response to insulin.[@CIT0007]

However, it seems that a subset of obese individuals referred as "metabolic healthy obesity" (MHO) is not at risk for metabolic complications from obesity.[@CIT0008] A systematic review reported a various prevalence of MHO ranged from 0.13% to 0.86%.[@CIT0009] MHO individuals were characterized by the absence of unfavorable metabolic state such as insulin resistance, dyslipidemia, hypertension, and an inflammatory profile.[@CIT0010],[@CIT0011] A meta-analysis reported that compared to metabolically healthy normal-weight (MHNW) individuals, people with MHO are not at an increased risk of cardiovascular diseases.[@CIT0012] A study suggested that women with MHO have better inflammation state than women with insulin resistance.[@CIT0013] However, MHO individuals are susceptible to metabolic syndrome. A 10-year Follow-up indicated nearly half of the MHO individuals would develop one or more metabolic abnormalities.[@CIT0009] The studies suggested that MHO individuals were intermediate phenotype between MHNW subjects and metabolic unhealthy obese (MUO) individuals.[@CIT0014],[@CIT0015]

In contrast to MHO individuals, a subset of normal-weight individuals with metabolically unhealthy state called as "metabolically unhealthy normal-weight" (MUNW) has also been suggested. About twenty percent of the normal-weight adult population is MUNW individuals.[@CIT0016] A study reported that MUNW individuals have a more than 3-fold higher risk of cardiovascular diseases.[@CIT0016] Thus, given that a range of metabolically obese and lean phenotypes exists, the influence of obesity on the cardiovascular risk should be determined on the basis of the metabolic state in individuals.

Moreover, it is necessary to identify the origin and etiology of obesity. It has been demonstrated that genetic factors play a key role in the risk of becoming obese.[@CIT0017] The genome-wide association studies (GWAS) for obesity detected strong association between the fat mass- and obesity-associated gene (FTO) with higher body mass index (BMI) and metabolically unhealthy state in individuals.[@CIT0018],[@CIT0019] At *FTO*-rs9939609 SNP, carriers of risk genotype (AA) have a 2.02-fold higher risk for obesity and 1.17-fold higher risk for metabolic syndrome compared with non-risk genotype carriers.[@CIT0020],[@CIT0021] However, in several studies, the association FTO with metabolic traits was entirely explained by the association with obesity.[@CIT0022],[@CIT0023] Investigation of the association between FTO variants and metabolically obesity phenotypes may provide interesting insight in these relationships.

Thus, the aim of our study was to compare cardiometabolic index (CMI), atherogenic index of plasma (AIP), lipid accumulation product (LAP) and novel anthropometric indices between metabolically obesity phenotypes with regard to the role of the *FTO*-rs9939609 gene polymorphism.

Methods {#S0002}
=======

Research Design and Participants {#S0002-S2001}
--------------------------------

This cross-sectional study was conducted on 165 individuals (men and female) in the endocrine clinic of Golestan Hospital of Ahvaz Jundishapur University of Medical science in Ahvaz, Iran. Prior to the sampling patients, permission was obtained from the hospital head. Simple random sampling without replacement technique was used to collect samples. Inclusion criteria were as follows: 20 to 65 years of age and BMI between 18.5--35 kg/m^2^. Exclusion criteria were as follows: pregnant or lactating women, inflammatory disease, liver dysfunction, adrenal or thyroid dysfunction, cancer.

Obesity was defined based on BMI˃ 30 kg/m^2^. Metabolic syndrome was considered based on ATPIII criteria. Individuals grouped into four groups: 1) MHNW; metabolically healthy normal weight 2) MUNW; metabolic unhealthy normal weight 3) MHO; metabolically healthy obese 4) MUO; metabolic unhealthy obese. According to the metabolic conditions, MHO individuals are better than MUO individuals, and worse than MHNW individuals.

Ethical Approval {#S0002-S2002}
----------------

The study was conducted in accordance with the Declaration of Helsinki. All procedures involving patients were approved by Ethics committee of Ahvaz University of Medical Sciences (Ethical code: IR.AJUMS.REC.1396.346), Ahvaz, Iran. After describing the study for participants through an interview, all participants signed a written informed consent form.

Anthropometric and Blood Pressure Measurement {#S0002-S2003}
---------------------------------------------

Weight and height of participants were determined in an overnight fasting status using a standard scale (Seca). BMI was calculated using the formula: (weight (kg)/(height^2^ (M)). The waist circumference (WC) and hip circumference (HC) were measured by the standard method.[@CIT0024] The Waist-to-hip ratio was calculated. Anthropometric indices were calculated by the following formula:[@CIT0024],[@CIT0025]

Weight-adjusted-waist index (WWI): WC (cm) divided by the square root of weight (kg) (cm/√kg)

A body shape index (ABSI) = WC/BMI^2/3^ × heigh^1/2^

Body adiposity index (BAI): \[hip circumference (cm) ÷ height (m) 1.5\] −18

The SBP (systolic blood pressure), DBP (diastolic blood pressure), and the HR (heart rate) were measured. To evaluate the patient's blood pressure, the participants sit on a chair and have no physical activity 1 hour. The mean arterial pressure (MAP) was calculated: (2DBP + SBP)/3).

Biochemical Measurements and Dietary Intake {#S0002-S2004}
-------------------------------------------

The blood samples (5mL) were collected in the 12-h fasting status. The blood samples were centrifuged (3000r.p.m. for 10 minutes). The lipid profile evaluated and the remnants of sera were stored at −80°C for later assessment. The concentrations of serum TC (total cholesterol), TG (triglyceride), HDL-C and LDL-C were measured by auto-analyser. The atherogenic index of plasma (AIP) was calculated as the logarithm of the molar ratio of TG/HDL-C. The serum hs-CRP (high sensitivity C-reactive protein), IL-6 (interleukin-6) and TAC (total antioxidant capacity) concentrations were assessed by ELISA kits. Cardiovascular indices were calculated by the following formula:

Lipid accumulation product (LAP): Male LAP = \[waist (cm)−65\] × TG concentration (mmol/l) and female LAP= \[waist (cm)−58\] × TG concentration (mmol/l)

Cardiometabolic index (CMI): TG/HDL-C × (Waist-to-height)

Atherogenic index of plasma (AIP): Log (TG/HDL-C)

The usual dietary intake of individuals in the previous year was collected using a food frequency questionnaire (FFQ).

Genotyping of the FTO-rs9939609 {#S0002-S2005}
-------------------------------

The genomic DNA extraction from whole blood was done by the DNA purification Kit according to the instructions of the manufacturer (Sinaclon, Iran). We used PCR-RFLP (Polymerase chain's reaction-restriction fragment length polymorphism) of FTO‐rs9939609 gene for genotyping the SNPs (single‐nucleotide polymorphisms). The primers were used for amplifying a DNA fragment (containing rs9939609 polymorphism). The PCR product of the FTO‐rs9939609 was digested by restriction enzyme (*ScaI*).

Statistical Analysis {#S0002-S2006}
--------------------

The software SPSS 20.0 (SPSS Inc, Chicago, IL, USA) was used to analyze data. The data normality was checked by Kolmogorov--Smirnov test. The chi-squared test, Student's *t*-test and ANOVA were used to evaluate differences within groups. P-value \<0.05 was considered significant. Comparisons CRP level between obesity and FTO phenotypes were performed using logistic regression using low-risk groups as the reference.

Results {#S0003}
=======

Prior to the analysis, individuals with missing data on the demographic, dietary, and biochemical characteristics (n=6) were excluded from the database. Consequently, data from 159 people (mean age: 52.97±10.01 years) were included for analysis. According to the analysis of data related to obesity and metabolic state, subjects were divided into four groups: 42 MHNW (26.4%), 51 MUNW (32.1%), 24 MHO (15.1%) and 42 MUO (26.4%).

[Table 1](#T0001){ref-type="table"} shows anthropometric and biochemical characteristics between four groups according to the metabolic state. The inter group-group analysis did not show significant difference age between groups. Waist circumference, waist-height ratio, BMI, body adiposity index ([Figure 1](#F0001){ref-type="fig"}) and weight-adjusted-waist index ([Figure 3](#F0003){ref-type="fig"}) were lower in normal-weight groups (MUNW and MHNW) than obese groups (MHO and MUO). The ABSI highest was observed in the MUNW group and ABSI lowest was observed in the MHNW group ([Figure 2](#F0002){ref-type="fig"}). The individuals with metabolic unhealthy state (MUNW and MUO) have significantly higher levels in systolic blood pressure, diastolic blood pressure, mean arterial pressure and TG levels than individuals with metabolically healthy state (MHNW and MHO). In addition, atherogenic index of plasma ([Figure 4](#F0004){ref-type="fig"}), lipid accumulation product ([Figure 5](#F0005){ref-type="fig"}) and cardiometabolic index ([Figure 6](#F0006){ref-type="fig"}) levels were more in MUNW and MUO than MHNW and MHO. [Table 2](#T0002){ref-type="table"} shows that there were no significant differences in dietary intake and between groups.Table 1Anthropometric and Biochemical Characteristics According to the Metabolic ConditionVariablesMHNW\
(n=42)MUNW\
(n=51)MHO\
(n=24)MUO\
(n=42)P-VAge (years)54.70 ± 10.7652.39 ±10.6554.92 ± 4.9350.90 ±10.460.26Body mass index (kg/m^2^)27.08 ± 1.56 ^b,c^27.22 ±1.95 ^d,e^33.38 ±3.3332.98 ±2.960.000Waist circumference (cm)97.02 ± 6.28 ^b,c^98.53 ±5.47 ^d,e^106.60 ±6.58106.07 ±6.800.000Waist-hip ratio0.96 ± 0.040.98 ±0.040.98 ±0.050.95 ±0.050.02Systolic BP (mmHg)13.00 ± 1.9714.03 ±2.25 ^d^11.98 ±1.91 ^f^13.89 ±2.140.00Diastolic BP (mmHg)8.40 ± 1.298.83 ±1.43 ^d^7.57 ±1.21 ^f^8.85 ±1.130.00Heart rate (n)80.14 ±10.27 ^a,c^87.17 ±13.3382.14 ±9.1086.93 ±11.460.02Mean arterial pressure9.93 ±1.4710.56 ±1.56 ^d^9.04 ±1.36 ^f^10.53 ±1.350.000Triglyceride (mg/dl)117.36 ±86.14 ^a,c^217.22 ±101.35 ^d^151.46 ±50.74 ^f^224.60 ±98.16\<0.001HDL (mg/dl)50.69 ±7.9846.96 ± 10.5251.58 ±7.1346.95 ±10.520.06LDL(mg/dl)81.54 ± 32.0872.74 ± 27.7078.25 ±21.7471.21 ±28.500.32Cholesterol (mg/dl)153.31 ± 35.25161.94 ± 40.31154.75 ±23.99160.36 ±40.210.66hs-CRP (mg/l)3.82 ±0.863.96 ±0.783.80 ±0.493.90 ±1.050.82IL6 (ng/dl)2.06 ±1.771.79 ±1.611.98 ±1.452.28 ±1.130.54Total antioxidant capacity0.38 ±0.100.39 ±0.130.38 ±0.050.41 ±0.150.67Waist-height ratio0.57 ± 0.37 ^a,b,c^0.59 ±0.04 ^d,e^0.66 ± 0.050.67 ±0.05\<0.001A body shape index0.084 ± 0.01 ^a^0.086 ± 0.01 ^d,e^0.085 ± 0.010.084 ± 0.010.03Body adiposity index25.61 ± 3.38 ^a,b,c^28.51 ± 4.13 ^d,e^33.74 ± 4.0335.52 ± 4.73\<0.001Weight-adjusted-waist index10.92 ± 0.65 ^a,b,c^11.42 ±0.68 ^d,e^11.67 ± 1.0111.71 ±0.64\<0.001Atherogenic index of plasma0.35 ±0.17 ^a,c^0.63 ±0.22 ^d^0.45 ± 0.16 ^f^0.64 ±0.20\<0.001Lipid accumulation product46.11±17.11 ^a,b,c^87.93 ±43.73 ^ef^84.75 ± 29.85115.27 ± 46.81\<0.001Cardiometabolic index1.37 ± 0.45 ^a,\ c^2.86 ±1.582.14 ± 0.93 ^f^3.23 ±1.41\<0.001[^1][^2] Table 2Dietary Intake to the Metabolic Obesity PhenotypesVariablesMHNW\
(n=42)MUNW\
(n=51)MHO\
(n=24)MUO\
(n=42)P-valueEnergy (kcal)2169.99 ±83.212166.95 ±103.802189.31 ± 52.092202.05 ± 61.980.16Fat (gr)99.07 ±13.4998.66 ±13.1198.90 ±17.28100.18 ±11.580.95Protein (gr)58.13 ± 9.5559.41 ± 10.7359.25 ± 11.4259.25 ± 7.620.92Carbohydrates (gr)273.00 ±25.30271.78 ±29.92279.28 ±38.28277.29 ±21.240.64Fiber (gr)14.63 ±5.4914.61 ±4.6917.21 ±9.8915.18 ±6.770.38Cholesterol (mg)361.97 ±120.72358.26 ±120.80339.43±103.85353.00 ±104.210.88SFA (gr)40.80 ±10.0439.32 ±9.0940.98 ±11.2440.61 ±8.090.84MUFA31.36 ±5.8331.17 ±5.7431.06 ±5.8031.91 ±4.660.91PUFA14.22 ±6.4015.09 ±5.9613.46 ±4.0414.19 ±4.220.65Vitamin A (mg)265.10 ±137.70284.90 ±177.14259.32±159.73294.48 ±223.240.82Vitamin D (µg)6.54 ±6.175.76 ±5.526.88 ±7.817.59 ±8.750.66Vitamin E (mg)13.19 ±10.4014.50 ±9.9712.39 ±6.2713.18 ±6.830.77Vitamin K (mg)58.73 ±30.3865.47 ±29.9360.18 ±34.4077.85 ±45.930.07Vitamin C (mg)75.99 ±36.4082.15 ±34.2677.75 ±27.0979.33 ±29.920.83Folate (µg)290.99 ±127.99304.32 ±118.65272.43±129.53306.90 ±99.130.65Vitamin B12 (µg)2.07 ±1.162.37 ±1.252.19 ±1.622.57 ±1.920.46Magnesium (mg)195.60 ±64.49215.48 ±63.00227.29 ±120.70219.37 ±81.190.37Zinc (mg)7.64 ±1.918.41 ±2.438.06 ±2.068.13 ±2.090.39Fe (mg)11.80 ±1.8411.73 ±2.1812.36 ±3.1912.07 ±2.150.67Selenium (mg)37.41 ±19.9038.31 ±18.2745.42 ±51.3542.03 ±30.380.67Beta-carotene (mg)1606.53 ±936.421686.21± 1232.411541.73 ±798.371640.12 ±991.650.85Lutein (µg)618.02 ±375.04660.13 ±374.35652.75±460.35819.01 ±619.450.95Lycopene (µg)5791.89 ±3968.275734.21 ±4047.117047.63 ±5646.225874.81 ±4426.230.64Cryptoxanthin (µg)146.93 ±107.48147.42 ±99.68172.33 ±119.51160.74 ±193.870.85Caffeine (mg)100.16 ±48.38105.00 ± 81.7986.49 ±47.93104.93 ±76.350.70[^3] Figure 1Compare body adiposity index between metabolical obesity phenotype. The asterisk (\*) indicates a significant difference between two groups.Figure 2Compare a body shape index between metabolical obesity phenotype. The asterisk (\*) indicates a significant difference between two groups.Figure 3Compare weight-adjusted-weight index between metabolical obesity phenotype. The asterisk (\*) indicates a significant difference between two groups.Figure 4Compare atherogenetic index of placema between metabolical obesity phenotype. The asterisk (\*) indicates a significant difference between two groups.Figure 5Compare lipid accumulation product between metabolical obesity phenotype. The asterisk (\*) indicates a significant difference between two groups.Figure 6Compare cardiometabolic index between metabolical obesity phenotype. The asterisk (\*) indicates a significant difference between two groups.

The genotype frequencies for FTO-rs9939609 were 27.6%, 56% and 16.4%, for AA, AT and TT genotype, respectively. Pearson's Chi-Square test showed that there was a significant difference between groups in the frequency of FTO rs9939609 genotype (AA, AT and TT, p=0.02). The genotype frequencies of obesity-risk allele AA were higher in MUO, MHO, MUNW and MHNW, respectively ([Table 3](#T0003){ref-type="table"}).Table 3FTO (Rs9939609) Genotypes Frequency in GroupsGenotypesGroupsMUOP ^a^P ^b^TotalMHNWMUNWMHOTT, n (%)26 (16.4%)5 (3.1%)8 (5.0%)3 (1.9%)10 (6.3%)0.460.02AA, n (%)44 (27.7%)8 (5.0%)10 (6.3%)12 (7.5%)14 (8.8%)0.02AT, n (%)89 (5.6%)29 (18.2%)33 (20.8%)9 (5.7%)18 (11.3%)0.01[^4][^5]

Odd's ratios for body adiposity index, weight-adjusted-waist index, lipid accumulation product and cardiometabolic-index-based metabolic obesity phenotypes are summarized in [Table 4](#T0004){ref-type="table"}. The highest Odds ratios for cardiovascular and anthropometric indices were observed in MUO group.Table 4Odds Ratios for Cardiometabolic Index, Atherogenic Index of Plasma and Novel Anthropometric Indices Based Metabolic Obesity PhenotypesVariablesMHNWMUNWMHOMUO**BAI** ORReference1.23 (1.08--1.41)1.57 (1.26--1.96)1.67 (1.36--2.07) P-value0.002\<0.001\<0.001**WWI** ORReference3.41 (1.54--7.56)2.59 (1.08--6.23)7.85 (2.76--22.28) P-value0.0030.033\<0.001**LAP** ORReference1.06 (1.03--1.09)1.11 (1.04--1.19)1.08 (1.04--1.12) P-value\<0.0010.002\<0.001**CMI** ORReference11.56 (3.82--34.92)7.61 (2.04--28.35)32.04 (5.63--182.12) P-value\<0.0010.002\<0.001[^6]

Discussion {#S0004}
==========

Our study indicated individuals with metabolic unhealthy phenotypes have increased risk for cardiovascular disease than individuals with metabolic healthy phenotypes. In addition, our findings suggest that metabolic health is more closely associated with cardiovascular diseases risk than obesity. Based on our results, lean individuals with unhealthy metabolic state can be considered a high-risk group for cardiovascular disease.

Similar to our findings, Karelis et al indicated the level of lipid and inflammation profile is favorable to obese women with metabolically healthy.[@CIT0013] Yoo et al suggested that MHO middle-aged men had a significant decrease in waist circumference, weight, BMI, body fat percentage, glycemic profile, TG, and TG/HDL-C ratio than the at-risk individuals.[@CIT0026] Furthermore, Cherqaoui et al study showed that waist circumference, Waist-hip ratio, TG and LDL levels were significantly lower in MHO than non-MHO subjects.[@CIT0027] The metabolic status is more associated with atherosclerosis compared to obesity. Rhee et al reported that the odd's ratio for coronary artery calcium scores is more for metabolically unhealthy obese, metabolically unhealthy non-obese, and metabolically healthy obese, respectively.[@CIT0028] The lower concentrations hepatic enzymes, fat content, insulin resistance and fewer amount of visceral adipose tissue in metabolically healthy obese may play a protective role against metabolic diseases.[@CIT0029] One of the reasons for the better metabolic status of metabolically healthy obese than metabolically unhealthy lean can be due to lower body fat in them. The body fat in individuals is a better predictor of cardiovascular risks compared to BMI.[@CIT0030] Individuals with normal BMI and high body fat have more association with metabolic syndrome.[@CIT0031]

Iglesias Molli et al showed that metabolically healthy obese present higher chronic inflammation (hs-CRP) level than metabolically healthy non-obese individuals.[@CIT0032] One of the reasons for these results is due to the use of different criteria for definition of obesity in various studies.[@CIT0033] However, the higher incidence of components of metabolic syndrome reported among metabolically healthy obese than metabolically healthy lean during follow-up shows the need to change lifestyle in the individuals for prevention of the conversion of metabolically healthy obese to an unhealthy phenotype.[@CIT0034]

On the other, the previous studies evaluated the association of FTO gene polymorphisms with obesity, syndrome metabolic and diabetes. The present research is among the first study to evaluate association obesity phenotypes and FTO-rs9939609 gene variant. Our results showed significant difference of FTO-rs9939609 variant in obesity phenotypes. The genotype frequencies of high-risk genotype (AA) were more in MUO, MHO, MUNW and MHNW, respectively. Thus, FTO gene polymorphism is more closely associated with obesity than metabolical health. Recently, Sedaghati-Khayat et al suggested a significant association between unhealthy metabolic obese phenotype and some FTO markers (rs1421085, rs1121980, rs1558902 and rs8050136) after lipid profile adjustment, but their results did not show association between FTO gene variations and healthy metabolic obese phenotype.[@CIT0035]

Conclusion {#S0005}
==========

Normal-weight individuals with metabolic unhealthy status are at higher risk for cardiovascular diseases than obese individuals with metabolically healthy state. Thus, MHO group would be defined as a subgroup of obese individuals with an intermediate phenotype between MHNW and MUNW. The prevalence of carrying the high-risk genotype (AA) of FTO gene was more in obese and metabolic unhealthy phenotypes.
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[^1]: **Notes:** ^a^Significant difference between MHNW compared to MUNW. ^b^Significant difference between MHNW compared to MHO. ^c^Significant difference between MHNW compared to MUO. ^d^Significant difference between MUNW compared to MHO. ^e^Significant difference between MUNW compared to MUO. ^f^Significant difference between MHO compared to MUO.

[^2]: **Abbreviations:** MHNW, metabolically healthy normal weight; MUNW, metabolically unhealthy normal weight; MHO, metabolically healthy obese; MUO, metabolically unhealthy obese; BP, blood pressure.

[^3]: **Abbreviations:** MHNW, metabolically healthy normal weight; MUNW, metabolically unhealthy normal weight; MHO, metabolically healthy obese; MUO, metabolically unhealthy obese; SFA, saturated fatty acids; MUFA, monounsaturated fatty acids; PUFA, polyunsaturated fatty acids.

[^4]: **Notes:** ^a^Difference genotypes frequency between groups. ^b^Difference of total frequency of genotypes between groups.

[^5]: **Abbreviations:** MHNW, metabolically healthy normal weight; MUNW, metabolically unhealthy normal weight; MHO, metabolically healthy obese; MUO, metabolically unhealthy obese.

[^6]: **Abbreviations:** MHNW, metabolically healthy normal weight; MUNW, metabolically unhealthy normal weight; MHO, metabolically healthy obese; MUO, metabolically unhealthy obese; OR, odds ratio.
